Objective: Hamstring muscle strain is one of the most frequently occurring injuries in sports. Backward Walking (BW) and Forward Walking (FW) on the treadmill are as a common tool for fitness training in the sports. However minimal clinical research has been conducted on the effectiveness of BW in addition to conservative hamstring strain rehabilitation. Materials and Methods: Thirty, grade I and II hamstring strain subjects with mean age of 25.19 ± 5.02 years were included in the study and, randomly assigned into two groups, BW and FW groups, (n=15) in each group and received 20 minutes of BW and FW respectively. All the participants in the both groups were treated with moist heat and followed by passive stretching. The total duration of the study was for three weeks and the treatment regime were administered four times a week for a total of 12 sessions. The study outcomes for pre and post treatment were measured before and after by lower extremity muscle strength, static and dynamic balance.
INTRODUCTION
Hamstring strains are a frequent occurrence in sporting activities and have been shown to result invariable but potentially lengthy recovery times and be highly recurrent [1] [2] [3] . Many factors have been implicated as possible causes of hamstring muscle strain; Lack of flexibility in the hamstrings appears to be a predisposing factor for injury. The hamstring flexibility may be an important factor in the prevention of hamstring injury and may even aid in affecting athletic performance [4, 5] . Study proposed that warm-up stretches the musculo-tendinous junction (MTJ) and results in an increased length at a given load, putting less tension on the MTJ and resulting in a reduced incidence of injury [6] .
At a physiological level it is thought that a warm-up may result in increased blood flow, elevation of baseline oxygen consumption, postactivation potentiation (transient increase in muscle contractile performance following previous conditioning), psychological effects and increased preparedness [7] . Research supporting a warm-up or stretching is not clear due to inconclusive data and therefore there is not sufficient evidence to endorse or discontinue routine stretching before exercise to prevent injury [8] .
Backward locomotion is the act of walking in reverse, so that one travels in the direction of one's back facing rather than one's front. It is defined as a retro movement, the reverse of the normal movement. Although walking and running in the backward direction are relatively novel tasks for most people, there are several situations in which these movements are performed regularly [9, 10, 11] . Leg kinematics during BW is very similar to the time-reversed kinematics during FW, suggests that the underlying muscle activation pattern could originate from a simple time reversal. Experimental electromyography studies have confirmed that this is the case for some muscles [12] .
BW is a learned skill and one that seems to have its own motor program. The average individual does not spend a lot of time performing BW. This is quite different from FW which is developed early in life. Studies have been mentioned the importance of backward running in uninjured sport persons, noting that it was done in quick bursts on athletic fields or courts [13, [14] [15] [16] . However, it is noticed that BW has seen so little research, as it plays an important role in a number of highly competitive team sports, including football, basketball, soccer, lacrosse and other team competitions played in similar settings.
Over the years, sports medicine and allied health professionals have utilized a variety of rehabilitative modalities to increase the functional strength and balance of the lower-extremity musculature to enhance musculoskeletal injury rehabilitation. With the advent of faster recovery from injuries and return to competition, humans have been looking for ways to enhance rehabilitation procedures. The topics of the limited BW research that do exist are kinematics of Backward Running (BR) movement at moderate velocities in normal subjects. There has been no research aimed at the effectiveness by using BW and FW in hamstring strain rehabilitation in addition to conservative treatment methods. The purpose of this study was to investigate the effectiveness of BW on different lower extremity muscle strengths, static and dynamic balance during hamstring strain rehabilitation.
MATERIALS AND METHODS
Total 30 subjects (20 males and 10 females) with the mean age of 25.19 ± 5.02 years and BMI of 23±3 Kg/M 2 of grade-I and II hamstring strain were included in the study. The study was approved by the University Research Ethical Committee and all the participants provided written informed consent prior to the participation in the study. All the participants included were examined clinically for hamstring injury, the average amount of time between onset of their injuries and their inclusion in the study was 9 days on average, with a range of 3 to 20 days. The diagnosis of hamstring muscle strain in this study was confirmed by the presence of pain or ecchymosis, or both, localized to the involved hamstring muscle, pain on resistive isometric knee flexion of the involved hamstring muscle, and pain on passive stretching of the involved hamstring muscle, whereas subjects with any other musculoskeletal and neurological impairment, any pathological condition of spine and pelvis during the past 6 months were excluded from the study.
Subject who met the inclusion criteria were randomly assigned into two groups as BW and FW (n=15) subjects in each group. Both groups performed the BW/FW on a motor driven treadmill (OMA Sports) at a speed of 3mph and uphill inclination of 10 0 for 20 minutes respective to their group. As a warm up experimental groups started with a cross trainer for 5 minutes and to acclimate to BW/FW on treadmill subjects were required to perform BW/FW for two minutes at 0 0 of inclination and experimental regime ended up with cool down session of walking for 2 minutes and static stretching of major muscle groups of lower limb.
Hamstring strain of all the participants in the both groups were treated with moist heat and followed by passive stretching. Moist heat packs (MHP) were maintained at a temperature between 70 to 75 degrees Celsius using a hydro-collator tank. One standard hot pack cover and one layer of toweling were placed between the MHP and the subject's posterior thigh to protect the skin and superficial structures. MHP's were applied over the musculo-tendinous junction of the distal hamstrings.
Each MHP treatment lasted 20 minutes and additional layers of toweling were added as needed for subject comfort.
For the hamstring stretch, each subject was positioned in supine with the non-injured limb strapped to the plinth. The hip of the leg to be stretched was passively moved to 90 degrees of hip flexion and this position was maintained through the use of a crossbar. The researcher then extended the lower leg to its passive end of range or until the participant wanted to stop and maintained with hold time of 30sec. This procedure was repeated 3 times for each stretching leg.
The study outcomes for lower limb strength (Quadriceps, Hamstring and Plantar flexor muscle groups) and balance (static & dynamic) were measured pre-treatment at base line and posttreatment after 1 st , 2 nd and 3 rd weeks. Strain Gauge Measurement (SGM) for strength and, standing stork test (SST), Star Excursion Balance Test (SEBT) were used for the measurement of Static and Dynamic balance of the lower extremity. The total duration of the study was for three weeks and the treatment regime were administered four times a week for a total of 12 sessions.
RESULTS
Data analysis was done by using the software package SPSS 16.0. The mean and standard deviation of all the variables were analyzed. The descriptive data for age, height and weight for both groups were matched and no statistical difference was found. The general linear model, repeated measure procedure provides analysis of variance (ANOVA) was done. This test was thus taken up for the study to analyze the results obtained over a period 4 weeks after pre-test value recording.
Overall results of the study indicate that the quadriceps and ankle plantar flexor strength were significantly improved in the BW group (p<0.05) as compared with FW group and non-significant changes in hamstring strength for both groups (p>0.05). Although static balance improved significantly in BW group (p=0.000), whereas (p=.315) in FW group and dynamic balance showed significant improvement in both groups (p<0.002).
In BW group, static balance (SST), dynamic balance (SEBT-Rt) and (SEBT-Lt) score were 41.32±74 Sec.(p=0.000), 681.18±16.04cms (p=0.000) and 680.54±15.87cms (p=0.000) respectively. Whereas in FW group, static balance (SST), dynamic balance (SEBT-Rt) and (SEBT-Lt) score were 41.99±11. 1.1, 1.2, 1.3, 1.4, 1.5, 1.6 ). 
DISCUSSION
The results of the present study demonstrated that the lower extremity strength and static balance significantly improved within BW group, whereas there was non-significant result within FW group. It was also found that no added effect on dynamic balance in both groups. Present study tried to find the strength response in the lower limb to BW and FW in the three major muscle groups separately, results indicate that the quadriceps and ankle plantar flexor strength significantly improved in the BW group as compared with FW group and changes in hamstring strength although improved linearly but the increase was not statistically significant even within and between both groups.
The results of this study is inconsistent with the results of the previous studies [16, 17] which also showed that retro walking has an effect on knee extensors and ankle plantar flexors strength of young adults. Some evidences also suggests that backward locomotion training may increase peak quadriceps torque and power when assessed isokinetically [17, 18] .
One possible reason for the increased quadriceps strength with BW is that backward walking requires isometric and concentric activity of the quadriceps femoris and ankle plantar flexor muscle groups. The action of these muscles, acting as decelerators, FW is primarily eccentric. During BW, the quadriceps muscles act as isometric knee stabilizers in the early to midstance period, followed by a concentric action from the mid to late stance period 16 . Study has been shown that the positive work associated with concentric contractions always costs more than the negative work associated with eccentric contractions [17] . Therefore, the increased amount of concentric muscular activity associated with BW may partially explain the observed increase in metabolic cost. This would also help the injured athletes during rehabilitation to maintain their body weight in proportionate with vigorous weight loss regimes.
During FW, the quadriceps is relatively inactive during swing phase. However, during backward walking it is active during swing phase to control foot placement prior to touch down, BW also requires concentric quadriceps activity during stance phase to assist in knee extension FW's greater muscle utilization over BW during the propulsive phase gives FW the potential for more force production. During swing phase, BW utilizes the same muscles as FW does during its propulsion phase [19] .
The increased plantar flexor strength is in line with previous study done by , reported that gastrocnemius function primarily as an accelerator in propulsion during initial contact when walking backward. By increasing the level of treadmill inclination, greater activity is required of the gastrocnemius to support the body and adapt to the increase in joint range of motion also occurring [13] .
Kenji Masumoto et al. (2005) , observed that biceps femoris muscle activity in BW did not [20 ] .It is also supported that the EMG activity of hamstrings was decreased while doing upslope backward walking [13] . This might be the reason behind non-significant changes in hamstring strength. It has been reported that, especially for eccentric muscle contractions where four times more work were required for forward running than backward running [19] . Thus it is helpful to train hamstring injury in BW by reducing their eccentric activity. There is also evidence to suggest hamstrings may be susceptible to injury in the late swing phase. Previous studies demonstrate that the hamstrings are under a large amount of stress in the terminal swing phase as the hamstrings eccentrically contract to absorb the kinetic energy and slow the lower limb [27] .
Subjects typically decrease their stride length and increase their stride frequency when walking backward. It has been reported 19 strides/min in BW at 1.79 m/sec, when compared with FW at the same speed [21, 22] . The decreased stride length and less eccentric loading on hamstring during backward walking helps to fasten the healing of torn fibres during hamstring strain rehabilitation.
Increasing soft tissue temperature prior to exercise is an accepted practice [24] . Altering tissue temperature can have a range of therapeutic effects through changes in metabolism, nerve transmission, hemodynamics, and mechanical properties [23] . This can involve active warm-up or local heat application using warm water immersion or hot packs. Heat is thought to alter the viscoelastic properties of muscles and other collagenous tissues in preparation for physical activity or rehabilitation [24] .The current study results also propagate that, BW can be used as a warm-up protocol during rehabilitation.
Results of current study showed that static balance was improved significantly with BW, whereas dynamic balance improved significantly in both groups but no significant differences were found between the groups over the study period from week zero to week 3. Current results supported by the previous study that have been found significant improvement in stability following BW [25] . Studies have been proved the correlation between increase lower extremity muscles strength and improvement in balance which again support our findings that BW improves strength and there by enhance balance as strength comes under the musculoskeletal component of balance [26] . Duysens et al. (1996) , argued that the modulation of cutaneous reflexes in leg muscles during backward walking could be explained by a reversal of a common motor program, such as a central pattern generator for locomotion. This mechanism could also be augmented static balance in BW. It is assumed that such adaptations might have occurred in the study participants with BW which lead to the improvement in strength and balance. BW is a novel task for hamstring injury rehabilitation, because motion is good for aligning fibres and increasing the strength of the lateral adhesion of fibres which protects the injured fibres from stump separation [28] . To our knowledge, this is the first study tried to describe the relationships among strength and balance between BW and FW in hamstring strain rehabilitation.
CONCLUSIONS
The BW can be incorporated as an effective training method for hamstring strain rehabilitation adjunct to conservative rehabilitation protocols to improve strength and balance. BW is a novel task and is initially quite awkward for most individuals. Therefore, a patient must be oriented sufficiently prior to the initiation of a BW program.
